Introduction
The existence of magnetic fields in early-type stars remains a mystery. The intermediate-mass magnetic Ap-Bp stars, with observed ∼kG dipolar fields, are well known, but because they have radiative envelopes, they cannot host the dynamo-generated surface magnetic fields found in latetype convective stars like the Sun. These fields are believed to be fossil remnants of either interstellar magnetic fields swept up during the star formation process or fields produced by a pre-main sequence envelope dynamo that has since turned off.
In more massive stars, magnetic fields have only been discovered recently, mostly via clues provided by unusual X-ray properties. Traditionally, the X-ray emission from O and B stars, with a typical level L X /L bol ∼ 10 −7 , has been explained by radiative instabilities, via a multitude of shocks in the wind (Lucy & White 1980 , Owocki & Cohen 1999 . However, the very strong and rotationally modulated X-ray emission of the brightest Trapezium star, θ 1 Ori C (O7, P=15.4 d), was explained by Babel & Montmerle (1997a , 1997b in terms of the "magnetically confined wind shock" model (MWCS). In this model, the stellar magnetic field is sufficiently strong, and the radiative wind sufficiently weak, to allow a dipolar magnetic field to confine the outflowing wind in the immediate circumstellar environment, resulting in a closed magnetosphere with a large-scale equatorial shock which heats the wind plasma. In this way, the X-ray emission is enhanced and may be modulated by stellar rotation. Babel and Montmerle thereby predicted the existence of a dipolar magnetic field in θ 1 Ori C; such a field was subsequently discovered by Donati et al. (2002) . One can therefore conclude that an unusually high, and/or rotationally modulated X-ray emission, is a strong indication of the presence of closed magnetospheres in massive stars.
An exciting application of these results has been provided by the "Chandra Orion Ultradeep Project" (COUP). This program consisted of a 9.7 day almost continuous observation with the ACIS detector (FOV 17 × 17 ), centered on the Orion Nebula Cluster (ONC). In all, 1616 sources were detected, characterized and identified (Getman et al. 2005) . The COUP study of the OBA population (20 stars) by Stelzer et al. (2005) was aimed at disentangling the respective roles of wind and magnetic fields in X-ray emission of these stars. X-ray emission by standard radiative shocks is found to be the dominant mechanism for the subsample of 9 high-mass O to early-B stars which have strong winds. However, 3 of the high-mass stars showed X-ray properties suggestive of the presence of magnetic fields: θ 1 Ori C (O7; discussed above), θ 1 Ori A (B0), and JW660 (B3). On the other hand, a fourth star, Par 1772 (B2), a tentative helium-strong star, showed only a very weak X-ray emission. We have undertaken a study with ESPaDOnS to explore the role of magnetic fields in producing this diversity of X-ray behaviours.
Observations
In January 2006 we conducted circular polarisation observations with ESPaDOnS at CFHT to search for direct evidence of magnetic fields in the ONC massive stars. We obtained single high S/N Stokes V spectra of 8 of the massive OB stars. The mean Stokes I and V profiles were extracted with the Least Square Deconvolution technique (LSD) of Donati et al. (1997) , which allows the use of many lines to increase the level of detection of a magnetic field Stokes V signature. The LSD line masks were carefully chosen, in order to maximize the resultant LSD S/N. Several experiments were attempted, including the removal of contaminated lines and helium lines, along with comparison with synthetic spectra.
We detected clear magnetic (Stokes V ) signatures in spectra of 2 stars: θ 1 Ori C, which was already known to be magnetic, and Par 1772, a new detection (Fig. 1) . For the remaining 6 stars, we observed no Stokes V detection. Table 1 gives a summary of the target properties, along with the longitudinal field error bar that we achieved. 
Magnetic analysis
To constrain admissible surface magnetic field configurations of these stars, we have compared the observed Stokes V spectra with synthetic profiles computed assuming a large grid of dipolar magnetic field models. Those models are characterized by different values of the magnetic tilt angle β and dipolar intensity B d . By computing the reduced χ 2 of the model with respect to the observations, we have constructed confidence maps of admissible (and rejectable) field configurations for each star. One such map is illustrated in Fig. 2 for Par 1772. Our single observation of this star constrains the surface magnetic field to be above 400 G with 99% confidence. However, we have weak constraint on the dipole tilt and on the maximum field strength. This behaviour results from the limited information afforded by a single observation.
Analogous maps have been obtained for all observed stars. For those in which no Stokes V detection is obtained, our maps allow us in principle to determine upper limits on admissible field configurations. This is crucial: a magnetic field of specific minimum strength is required to confine a wind of known mass flux. Hence if we can determine an upper limit on admissible magnetic fields of the undetected stars, we can potentially rule out magnetically-confined wind shocks as the source of their X-ray emission and variability. In addition, these upper limits provide unique data with which to confront models of magnetic field origin in neutron stars and magnetars, such as that proposed by Ferrario & Wickramasinghe (2006) . Unfortunately, our confidence maps of the undetected stars suffer from the same characteristics as the map of Par 1772: the maximum admissible field strength (upper limit) is poorly constrained. Because when β = 90−i, geometries exist for which there is no Stokes V signature, notwithstanding the field strength. Fortunately, our numerical experiments show that by obtaining at least one additional Stokes V observation of each star, we can constrain significantly the orientation of the dipole, leading to a dramatic reduction in the range of probable field strengths by a full order of magnitude. Nevertheless, we can still give a rough estimate of the 
Par 1772 800−2500 JW 660 <4000 magnetic field, by taking reasonable values for β and i (ie, by ignoring the degenerate configuration). Those first estimates are given in Table 2 . A more robust analysis is currently underway, along with the planning of multi-phase spectropolarimetric observations.
Conclusion
Using Stokes V mesurements obtained with ESPaDOnS spectropolarimeter at CFHT, we were able to detect the presence of a new magnetic star in the Orion Nebula Cluster. Par 1772 has a dipole field component greater than 400 G (at 99% confidence). However, the precise magnetic configuration cannot be fully constrained with a single observation; neither can the maximum field strengh in the non-detection cases. However, a more detail analysis, combined with multi-phase observations will enable more precise estimates. Once completed, this study of the Orion stellar cluster will represents a complete magnetic survey of a co-evolved and co-environmental population of massive stars. A important issue of this study regards magnetic fields in even more massive stars. It is related to neutron star population studies. Ferrario & Wickramasinghe (2006) explored the hypothesis that neutron star magnetic fields are of fossil origin, and predicted a field distribution for the OB star progenitors (above 8 solar masses). According to their model, ∼7% of the main sequence OB stars should have a magnetic field in excess of 1kG. Interestingly, we find 2 stars (25%) with fields above 1 kG in the ONC. As the fossil hypothesis depends on the environment (in the case of a interstellar magnetic fields swept up), it could be possible that the Orion Nebular Cluster is overly magnetized. Similar studies of other young OB clusters would therefore be really interesting. On the other hand, if the magnetic field origin is intrinsic to the star itself (envelope dynamo remnant coming from a pre-main sequence phase for exemple) the fraction of magnetized stars should be similar in all OB clusters.
Figure 2: Confidence map for admissible dipole field strength B p and obliquity β . There is 99% probability that the real surface field strength and obliquity are within the 99% contour. From this map, constructed from a single observation, we can say that the field is stronger than 400 G (at 99% confidence), but more observations are required to significantly constrain the dipole inclination and the field strength upper limit.
